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I. Executive Summary
On September 12, 2003, the University of Maryland School of Law's Intellectual Property and Law & Health Care Programs jointly sponsored and convened a roundtable discussion on the future public policy and ethical issues that will likely face the agricultural and microbial genomics sectors of the biotechnology industry. As this industry has developed over the last two decades, societal concerns have moved from what were often local issues, e.g., the safety of laboratories where scientists conducted recombinant DNA research on transgenic microbes, animals and crops, to more global issues. These newer issues include intellectual property, international trade, risks of genetically engineered foods and microbes, bioterrorism, and marketing and labeling of new products sold worldwide. The fast paced nature of the biotechnology industry and its new developments often mean that legislators, regulators and society, in general, must play "catch up" in their efforts to understand the issues, the risks, and even the benefits, that may result from the industry's new ways of conducting research, new products, and novel methods of product marketing and distribution.
The goal of the roundtable was to develop a short list of the most significant public policy and ethical issues that will emerge as a result of advances in these sectors of the biotechnology industry over the next five to six years. More concretely, by "most significant" the conveners meant the types of issues that would come to the attention of members of Congress or state legislators during this time frame and for which they would be better prepared if they had well researched and timely background information. A concomitant goal was to provide a set of focused issues for academic debate and scholarship so that policy makers, industry leaders and regulators would have the intellectual resources they need to better understand the issues and concerns at stake. The goal was not to provide answers to any of the issues or problems, simply to identify those topics that deserve our attention as a society. Some of the issues may benefit from legislation at the federal or state levels, others may be more appropriately addressed by the private sector.
Participants at the roundtable included over a dozen experts in the areas of microbiology, intellectual property, agricultural biotechnology, microbial genomics, bioterrorism, economic development, biotechnology research, and bioethics.
1 These experts came from federal and state government, industry and academia. The participants were asked to come to the roundtable with a written statement of the top three to five public policy/ ethical issues they viewed as most likely to be significant to the industry and to policy makers over the next several years.
At the roundtable, participants collaborated on the development of a comprehensive list of such issues and related questions. Through a facilitated discussion, they narrowed this list down to the following:
I. Public Access to Publicly Funded Research Results -Should we establish policies that ensure public access to biotechnology research outcomes that resulted from publicly funded projects and thereby limit ownership rights by commercial enterprises in such outcomes?
1 A complete list of participants appears in Appendix A.
II. Harmonization of Laws and Regulations -Is there a need for common regulations regarding labeling and risk reduction across international borders so that new genetically modified products can be imported and exported with assurance that the products are meeting global standards for safety? How might the disparity in enforcement of intellectual property rights in various countries be reconciled to address respective national concerns about the appropriate balance between public access to biotechnology research outcomes and commercial exclusivity?
III. Natural Resources Disparity -How should we address concerns of economically developing countries that arise when commercial enterprises extract natural resources from those countries and use sophisticated biotechnological processes to develop profitable products? What is a fair allocation of benefits from these products?
IV. Bioterrorism -What are the costs to innovation and development in the agricultural and microbial genomics sectors of the biotechnology industry as a result of our current focus on national security and bioterrorism? How do we address bioterrorism without slowing innovation and development in the industry?
II. Introduction a. Background i. Early Ethical and Public Policy Issues Raised by Biotechnology
The ethical and public policy issues that have confronted the development of biotechnology have evolved as the technology itself has progressed from its early days of research, primarily in laboratories at government and academic institutions, to its commercialization in the private sector. In the late 1970s and early 1980s, for example, the primary public policy issues facing government regarding biotechnology were the risks posed to human health and the environment by newly developed organisms such as genetically engineered bacteria, plants and pesticides and the societal risks of the new technology. Risks to human health and the environment included the possibility of the creation of new organisms that were treatment resistant or had superior survival skills and thus could displace other beneficial existing organisms. Because, at this time, the development of these organisms was still in the research phase and taking place in laboratories, concerns arose about the security of government and academic research institutions and the possibility of organisms escaping from laboratories. In the early 1970s there was such uncertainty about the risks surrounding the technology that scientists undertook a self-imposed moratorium on recombinant-DNA (R-DNA) experimentation.
2 By 1978, there had developed a consensus in the scientific community that the initial environmental and human health risks posed by R-DNA research conducted in a laboratory setting had been somewhat exaggerated. However, renewed fears emerged as the technology moved from the laboratory into the field for testing. This became an issue in the early 1980s when genetically altered organisms were first released into the environment. Initial concerns focused on the potential harms associated with the inadvertent conversion of a nonpathogen to a pathogen. This possibility was soon thought to be quite remote and attention focused on the potential harms to the environment that could result as a consequence of a release of nonpathogenic organisms. 3 In 1988, when the National Research Council Committee on Mapping and Sequencing the Human Genome strongly urged that a $200 million a year effort to map the human genome begin, the debate shifted to the societal risks associated with the technology. In addition to concerns about altering the genetic structure of human beings, critics expressed concerns that the project would lead to genetic discrimination and eugenics or could interfere with an individual's right to privacy. 4 During the early 1990s, scientists began to discover genes related to certain diseases via research on human tissues. As this research began, a number of the foreshadowed ethical and public policy concerns, as well as new issues, emerged. These issues included individual rights to control the use of their tissue, appropriate informed consent for use of human tissue in genetics research, information disclosure to research subjects, and the confidentiality of information gained in the research setting. As genetic tests began to be used in the clinical setting, the privacy of genetic test results and the use of genetic information for purposes of discrimination in employment and insurance became topics of concern.
When scientists began to develop new therapeutic agents that required human subject testing by FDA, new issues arose regarding the safety of genetic protocols and the liability of institutional review boards 5 (IRBs) and researchers. This issue was given considerable attention when one research subject died as a result of his participation in a gene therapy research trial. Then, as biotechnology products moved from clinical testing into the marketplace another set of issues surfaced. These included questions about who should have ownership rights in products when the research and development of such products was largely government supported; whether certain genetically modified organisms or newly identified genes should be patented; and how much control a private company should have over dissemination of its research results when inability to access those results could slow new developments by other researchers and commercial ventures.
During the 1990s, conflicts of interest between government and academic researchers and industry also came to the forefront. Such conflicts occurred in the context of basic research as well as clinical research. Academic-industry ties came under increased scrutiny. Issues of academic freedom, freedom to publish, and secrecy, along with conflicts of interest, became the subject of intense debate. In 1995, the National Institutes of Health (NIH) developed regulations that required researchers funded by the National Science Foundation (NSF) or NIH to notify their home institution if' they had financial interests or equity above a certain amount in companies that might be affected by their research. 6 In the academic setting, concerns centered on whether researchers would be able to make decisions in the best interest of the academic institution, and in line with their faculty obligations, if they also had the potential for significant financial gain through participation in a commercial enterprise resulting from their research. In the context of clinical research, concerns have centered on whether physician researchers are acting in the best interests of their research subjects/patients when they have financial incentives to enroll subjects or have financial interests in the outcome of the research.
Public policy and regulatory issues were also debated early on in the industry's development through a handful of court cases. Most of the early judicial involvement in this area was through the National Environmental Policy Act (NEPA). The Act requires federal agencies to prepare environmental impact statements for all "major federal actions" which "significantly affect" the quality of the environment (42 U.S.C. Sec. 4332). In 1983, the Foundation on Economic Trends, headed by Jeremy Rifkin, used NEPA for the first time to halt R-DNA field testing. In Foundation on Economic Trends v. Heckler, 756 F.2d 143 (D.C. Cir. 1985), the Foundation sued NIH for its failure to comply with NEPA when it amended its Guidelines regulating the potential risks of laboratory conducted R-DNA research 11 and approved several deliberate release experiments including the release of a genetically altered bacteria (the "ice minus" bacteria) to a crop of potatoes to make them frost resistant. The U.S. District Court for the District of Columbia issued a preliminary injunction preventing the deliberate release experiments and "all future deliberate release experiments until a final decision on the merits of the alleged NEPA violations could be reached."
12 On appeal, the U.S. Court of Appeals for the D.C. Circuit upheld the injunction against the ice minus experiment, but overturned the injunction against future releases finding it overly broad. At the same time, however, the court −8− criticized the NIH for not giving sufficient consideration to the potential environmental impact of these deliberate releases.
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In the early years of regulatory development, a debate ensued about whether regulation of this industry, on the one hand, was adequate to control the technology's risks, or whether, on the other hand, it was unduly burdensome. Public opinion fueled the motivation of regulators and policy makers to regulate the industry. A 1987 Harris poll on public perceptions of biotechnology found that "more than three-fourths of the public (77 percent)" said they agreed with the statement that "the potential danger from genetically altered cells and microbes [was] so great that strict regulations [were] necessary."
14 Yet industry was highly critical of the extent of regulation and its complexity. According to one author, industries were confronting needless delays and confusion as a result of a complex and fragmented regulatory approach. For example, Genentech reportedly encountered needless delays and expenses while USDA and FDA argued for more than a year over which agency should regulate the company's new bovine interferon. The agencies were unable to decide whether the product was a "veterinary biologic" under USDA's jurisdiction or a "new animal drug" under FDA's control.
Advanced Genetic Systems complied with all of NIH's testing requirements in order to inject a genetically engineered bacterium that would reduce the risk of frost into the bark of fruit trees . . . in Oakland, California only to find that EPA approval was required instead.
After two years of review and field tests, USDA's Animal and Plant Health Inspection Services licensed Biologic Corporation's pseudo rabies swine vaccine for commercial use. Because the vaccine was not reviewed through the Department's Recombinant Advisory Committee, however, its license was withdrawn and it required additional testing.
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The debate regarding adequate regulatory control continued throughout the 1990s.
The beginning of the second millennium ushered in increased regulations in this area with heightened concerns about safety and security in the wake of 9/11. While the pendulum has swung in the direction of increased regulation, the debate over the appropriate level of regulation will likely continue as pressure from the industry to market its new discoveries mounts and as arguments that the discoveries offer significant potential benefits to society become stronger.
At the same time that the regulatory scheme for the biotechnology industry was evolving, the intellectual property landscape changed in ways that have significantly affected the 13 Id. NEPA was used on a number of other occasions by the Foundation on Economic Trends to halt or delay biotechnology development. However, in other cases the organization was not as successful as it was in Heckler. 14 development of this new industry. New intellectual property laws had an especially profound effect on industry and academic relationships. Prior to the early 1980s, technology transfer "was little understood or practiced;" today it is a major profession within and outside of the academic community. 16 The number of patents held by universities has increased dramatically since 1980 when Congress passed the Bayh-Dole Act. 17 The Act, among other things, changed the prior presumption of title in and to any invention developed with government funding, from the government to academic institutions. 18 The Act, in conjunction with the 1980 U.S. Supreme Court decision in the Chakrabarty case, allowing a live organism (bacterium) to be patented, and with strides in the evolution of genetic engineering concepts, launched universities into an awareness of the economic value of their research-generated technological developments.
19 By allowing universities to hold patents on government funded research, the law made it much more attractive for private industries to collaborate with universities in research and development of new products as the universities were able to grant exclusive licenses to industry partners. As a result, industry has made available to the public, through the private market, many new and beneficial products.
Another significant outgrowth of the Bayh-Dole Act and the development of university technology transfer programs has been the establishment of hundreds of new start-up companies resulting from technology generated in academic laboratories. Many of these start ups have been in the area of biotechnology. From 1980 to 2001, over 2,900 new companies were formed based on licenses from academic institutions. 20 Universities often benefit financially from these startups in which they frequently take an equity position.
Future public policy and ethical issues for the biotech industry are a matter of intense interest as the industry, with so much to offer in terms of benefit to the private sector and the population at large, begins another phase of development. The role of government as policy maker in this process continues to evolve as new issues emerge and as government assumes a multitude of new roles in its relationship to the industry including researcher and funder of research, regulator, and promoter of economic development and the growth of the biotechnology industry. These various governmental roles raise questions about competing objectives. As one author asked, "[c]an government simultaneously promote scientific research and innovation (as scientists want), encourage the growth of an industry that benefits the economy (as the biotechnology industry wants), and protect public health and individual privacy (as the public wants)?" −10−
iii. Current Issues in the News
As background and a starting point for discussion, readings on several topics relevant to this issue, as reflected in recent media coverage or trade journals, were identified by the workshop organizers. Some of them were provided to workshop participants. The topics and relevant news items included the following:
•
The Regulation/Import & Export of Genetically Modified Food -In May 2003, the U.S. and the World Trade Organization filed a complaint against the European Union (EU) for its moratorium against the approval of genetically modified (GM) crops. 22 The U.S. alleged that the EU was unnecessarily hindering trade. The EU argued that it is taking a more precautionary stance than the United States. This stance has included passing legislation that requires labeling of GM foods. 23 In contrast, the U.S. has supported the GM food industry, some would say, with too little precaution. Since the 1980s, the U.S. regulatory policy has been to focus on the end product rather than the process. 24 As a result, the U.S. policy essentially categorizes GM foods as equivalent to conventional foods. In 1992, the FDA's "Statement of Policy: Foods Derived From New Plant Varieties" established a presumption that most GM products are Generally Recognized as Safe (GRAS), thereby skirting the need for stringent regulation. 25 The conflict raises important ethical and public policy issues regarding societal risk and the need for additional regulation. It has already affected and may further affect industry development and international trade.
• Restriction on Scientific Freedom-In July, 2003, a coalition of public sector research institutions published an article in Science announcing the formation of the PublicSector Intellectual Property Resource for Agriculture (PIPRA). 26 The organization, funded by the Rockefeller and McKnight Foundations, argues that the benefits of much publicly-funded research comes to private industry through university technology transfer programs and subsequently limits universities' flexibility to conduct research. As a result, research into crops with little commercial value, but which may lead to food security for the poor, is being restricted. The agricultural and genetically modified organism sectors of the biotechnology industry are raising these and other concerns about ownership of intellectual property. Additional concerns include bioprospecting and biopiracy, 27 encouraging private-sector technology while maintaining incentives for furthering the public good, and restrictions on the publication of microbial and agricultural genomic data in light of homeland security.
• Genetically Engineered Microorganisms for Bioremediation -The Department of Energy's Natural and Accelerated Bioremediation Research (NABIR) Program seeks to develop genetically engineered microorganisms to clean up radionuclides and metals in subsurface environments. The process raises numerous policy and ethical concerns including intellectual property rights, community consent for the use of bioremediation strategies, public safety and the need for long term stewardship of sites where contaminants have been stabilized. 28 A primary challenge is the predictability of bioremediation process performance. A report from a NABIR Workshop states that "[i]n some cases, predictability is limited by the lack of fundamental knowledge about microbial community structure, composition, functions, and dynamic changes under different environmental conditions; and in other cases, by the lack of accurate parameter estimation. Current methods for measuring and evaluating the effectiveness of bioremediation are too cumbersome. Rapid, simple, reliable, quantitative and cost-effective tools that can be operated in real-time and in field-scale heterogeneous environments for assessing bioremediation endpoints are needed."
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•
Efforts to Combat Bioterrorism -Following September 11, 2001, few public priorities in the United States have taken precedence over anti-terrorism initiatives.
The vulnerability of the public to the use of biological agents as weapons of mass destruction has become a focus of concern. Beyond considerations of improving readiness and responsiveness to bioterrorist threats, government action has included preemptive measures that implicate basic scientific research. In October, 2001, Congress passed the U.S. Patriot Act which, among other things, included a set of provisions "designed to control access to almost every aspect of science and technology . . . that could conceivably aid terrorists." 30 These provisions included tightened restrictions on foreign students entering the country to study at U.S. colleges and universities and increased responsibilities on educational institutions to report information about their foreign students. Regulations implementing the legislation call for increased oversight of laboratories where researchers are using any of almost 50 specified biological agents. This oversight includes background checks and security clearances of everyone working at the laboratory as well as unannounced inspections by government agents. Labs must also obtain federal approval prior to conducting genetic engineering research that could increase the resistance of an agent to drugs. In a December 2002 statement, the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine, argued that the government's policies on foreign students and visitors "in the name of national security have already worked 'serious unintended consequences for American science, engineering, and medicine. '" 31 In response to concerns that the administration might restrict the publication of "unclassified but sensitive information 28 In Integra, the Court stated that the provision established by Sec. 271(e)(1) of the Hatch Waxman Act to hold harmless from patent infringement liability any act "to make, use, offer to sell, or sell . . ." a patented invention "solely for uses reasonably related" to the development of a new drug regulated by the FDA, was to be very narrowly construed. While it is not clear in the wake of Integra what activities will be considered to meet the statutory exemption, the Federal Circuit held that the provision "does not reach back down the chain of experimentation to embrace development and identification of new drugs that will, in turn, be subject to FDA approval." 35 The implications of these two decisions for academic research institutions and biotechnology developments have not yet been realized but they may result in a narrowing of the types of research that academic institutions may perform without additional licensing agreements.
b. Goals and Objectives of the Roundtable
The purpose of the Roundtable was to bring together a small group of experts from the biotechnology industry, government and academia who would attempt to reach consensus on the "most significant" public policy and ethical issues that will confront the biotechnology industry (microbial genomics and agricultural sectors) over the next half decade. By "most significant" the workshop organizers intended to include either issues that would come to the attention of 32 Id. −13− members of Congress or state legislators during this time and/or issues that might be the focus of federal or state legislation. Development of the list of issues was to be a collaborative effort taking into account the various competing interests at stake including public safety, economic development, ownership of intellectual property, and international relations and trade, and was to reflect the various backgrounds of the workshop participants: industry, intellectual property, economic development, regulation, public interest, scientific development, and academic research. The work product developed from the roundtable was to be distributed to relevant policy makers, trade associations, public interest groups and others that might benefit from its content.
A concurrent goal was to provide a document that would serve as the basis for academic debate and a spur to scholarship so that policy makers, industry leaders and regulators would have a set of intellectual resources to help them better understand the issues and concerns at stake.
III. Participant Perspectives and Crosscutting Themes
In preparation for the workshop, each participant was asked to write: 1) a brief description of his or her perspective and that of his/her organization on microbial or agricultural genomics research and development; 2) the participant's view of the three to five most pressing public policy and ethical issues facing the microbial and agricultural genomics sectors of the biotechnology industry; and 3) the reasons behind the participant's chosen priorities. At the workshop, the participants elaborated on their written statements. This section of the report includes a description of the range of participant perspectives, either as expressed in writing or orally at the roundtable, and the common and cross-cutting themes that emerged across perspectives as priorities for policy focus.
Perspectives
The perspectives of the participants reflect both their discipline, e.g., science, ethics or law, and the organization with which they are affiliated -governmental agency, not-for-profit research institute, academic research center, private industry. Governmental agencies included federal and state agencies with either a regulatory or economic development mission. For example, one of the participants works with Maryland's Department of Business and Economic Development (DBED). DBED's mission is to attract new businesses, stimulate private investment and create jobs, encourage the expansion and retention of existing companies, and provide businesses in Maryland with workforce training and financial assistance. The Department promotes the State's many economic advantages and markets local products and services at home and abroad stimulating economic development, international trade and tourism. In carrying out its mission, the Department funds new technology development from both a seed grant and equity investment stage. As a result, the Department is heavily involved in strategic partnering issues domestically and internationally and with academic institutions as well as private industry.
A number of the workshop participants came to the table with a research/ education perspective either as part of an academic research center or a not-for-profit institution. The −14− specific organizations represented by participants in this category included the J. Craig Venter Science Foundation, the Institute for Genomic Research (TIGR), and the Maryland Biotechnology Institute. The Venter Science foundation and its four nonprofit research affiliates (including TIGR), have a diverse portfolio of genomics research and policy projects. These range from the sequencing and comparative analysis of mammalian and microbial genomes, including pathogens, to the development of a "minimal genome." These affiliates also consider the public policy implications associated with genomic medicine, intellectual property matters, and the public understanding of science and education. In addition, the Center for the Advancement of Genomics, one of the affiliates, publishes an online news magazine about genomics research around the world. The organizations, collectively, have considerable experience in genome sequencing and analysis of plants, microbes and animals that are important to agriculture in both the developed and developing worlds. The Center deals with a range of issues involving the use of genomic data generated from its sequencing machines and the software that manipulates that data, e.g., whether they should be protected as intellectual property and licensed or should be "open source."
The Institute for Genomic Research (TIGR) is an international leader in the genomics field. Early on, TIGR's focus was on microbial genomics and it houses the Pathogen Functional Genomics Resource Center, an NIH-funded Center dealing with microbial genomics. Over the years, the Institute has expanded its areas of interest and now has a large group that focuses on sequencing and annotation in the plant genomics field. As a not-for-profit research center that has made billions of base pairs of sequencing information publicly available, the Institute's concerns stem from its mission to disseminate its data to the public as quickly as possible and obstacles to such dissemination. Related to this basic issue, the Institute has concerns about the use of the information that it has made available, specifically, whether subsequent users of the data will place limitations on access to innovations that they develop with the data. One of the participants from TIGR stated that the Institute questions whether there should be more control of what others are doing with the information that is generated and made publicly available by sequencing centers like TIGR. Without the reach-through rights and other provisions that preclude individuals from using that information, he asserted, "a number of both for-profit and not-for-profit entities could take the data, file patents on it and preclude others from using it until they take licenses to do so. In our role as an academic institution," he said, "we're putting the data out there for the public good and hoping that it will be used to benefit everyone."
The Institute also collaborates extensively with both international and national entities. At the international level, collaborators include scientists and governments of economically developing countries that often express concerns about access to the benefits that are derived from collaborative research. At the national level, the Institute works extensively with academics and must deal with issues of publication and data disclosure.
The University of Maryland Biotechnology Institute (UMBI) consists of several research centers focusing on different applications of biotechnology (marine science, agriculture, medicine, virology, and protein structure). The Center for Marine Biotechnology (CMB) focuses much of its research activity on microbial genomics. Several investigators are working on archaebacteria and focusing on novel molecules that can be discovered from the organisms that live in very unusual environments. Researchers at CMB are also interested in bioremediation, environmental problems, and aqua-culture. The Center for Agricultural Biotechnology recently changed its name to the Center for Biosystems Research. The change reflects the Center's interest in insect vectors and livestock issues as well as genetically modified crops and plants. In Maryland, chicken farming is a significant industry and the Center has a large chicken vaccine program. While the primary focus of UMBI is research, as a state institution, a second mission is economic development and moving its research from the laboratory to the marketplace. This raises numerous issues related to industry-university collaborations, including intellectual property rights.
Another perspective was brought to the table by a research scientist from Diversa, a forprofit corporation in the business of finding genes and enabling products. Diversa has formal agreements with a variety of countries for access to biologic materials that are utilized in the company's screening programs. The company is currently working independently and with strategic partners to develop products for chemical, industrial, and agricultural applications. In addition to these near-term products, Diversa is advancing its pharmaceutical programs, including new technologies for the discovery of antibody-based therapeutics. Diversa is currently receiving funding from the Department of Defense (DOD) and NIH to apply its technologies for generating and optimizing antibodies to biodefense applications. Issues for Diversa have included balancing access to biological diversity with the requirements of local and transnational regulations and conventions including the Convention on Biodiversity. The company is also following the global debate about genetically modified organisms in order to understand the viewpoints of groups with differing interests in, and opinions regarding, the uses of biotechnology in industry and health care.
Another participant provided a unique perspective as a representative of the Deputy Commissioner for Patent Examination Policy in the U.S. Patent and Trademark Office. Among other things, the Deputy Commissioner provides staff assistance in establishing patent examination and documentation policy standards for the Commissioner for Patents and is the authority on patent laws, rules, and examining practice and procedure; provides direction on establishment of new rules, practices and procedures; reviews and revises the Manual of Patent Examining Procedure; and provides support, representation, advice and direction on technical matters relating to the International Patent Classification System and other international documentation-related standards. Recent policies established by the Commissioner relevant to agricultural and microbial genome developments include the issuance of new examination guidelines for the utility and written description requirements for patentability. The Office is involved in an international effort to harmonize the substantive requirements of patent law. The Office is also currently working on projects with the European Patent and Japan Patent offices to generate greater mutual understanding and possible convergence of views on the patenting of genomic and proteomic inventions.
Several participants also had backgrounds in intellectual property or provided intellectual property advice to clients. One participant directs the Maryland Intellectual Property Legal Resource Center. The Center, a collaborative effort between the University of Maryland School of Law and the Montgomery County Department of Economic Development, provides, and trains law students to provide, legal advice and information on intellectual property issues to start-up high tech and biotech companies in Maryland.
Two participants direct academic centers focusing on issues related to bioterrorism. The Center for Health and Homeland Security at the University of Maryland, and the Center for Deterrence of Biowarfare and Bioterrorism at the University of Louisville, are among a handful of academic centers, established after 9/11, focusing on this issue. Both Centers draw on the resources available at their respective universities in different disciplines to provide expertise and advice to local, state and national government agencies seeking to address a broad range of problems and policies pertaining to the nation's war on terrorism. Each Center serves as a focal point for research and helps to develop and support programs within its respective university and in conjunction with other private and governmental agencies. Both Centers have assisted or are assisting their communities improve their infrastructure for bioterrorism preparedness and have been involved with preparedness training exercises. Both Centers are also located at universities where researchers are working with organisms that could be used for bioterrorism, such as anthrax and smallpox. O.E.'s mission includes the advancement of the "national, economic and energy security of the United States," the promotion of "scientific and technological innovation in support of that mission" and the "environmental cleanup of the national nuclear weapons complex." 36 The Office of Science manages fundamental research programs in basic energy, biological and environmental sciences, and computational science. In addition, the Office is the federal government's "largest single funder of materials and chemical sciences, and it supports unique and vital parts of U.S. research in climate change, geophysics, genomics, life sciences, and science education."
37 The Office's Biological and Environmental Research Program has divisions in Life Sciences, Medical Sciences and Environmental Sciences. The Life Sciences Division manages a diverse portfolio of research including, but not limited to:
• Genomes to Life Research -This program uses new genomic data and high throughput technology to identify biotechnology solutions for energy production, environmental cleanup, carbon sequestration, and biothreat defense.
• Human Genome Research -This research continues after the mapping of the Human Genome to create and apply new technologies and resources in comparative genomics and to study the use of model systems and information management for identifying genes and their regulatory elements within the human genome.
• Microbial genome research-This project was initiated to characterize and exploit the genomes and diversity of microbes with potential relevance for energy production, bioremediation, and global climate issues.
• ELSI research -This research focus was established to anticipate and address ethical, legal and social implications arising from genome research. Through the study and understanding of a diverse group of microbes, solutions are nearer for DOE mission challenges in environmental cleanup, medicine, agriculture, industrial processes, and energy production and use. . . . For example, M. jannaschii's ability to produce methane may have implications for new forms of fuel generation, and Deinococcus radiodurns has potential for cleanup of toxic mixed-waste sites containing radionuclides, in addition to heavy metals and organic solvents, because it can survive extremely high levels of radiation and repair its own radiation-damaged DNA. Understanding the genome sequence of B. anthracis, which causes anthrax, will promote faster detection methods and new treatments.
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Cross Cutting Themes
In both their written and oral comments, participants expressed a number of common concerns. These are grouped by themes below.
Scientific Freedom/ Access to Data/Publications
A number of participants representing academic and research institutions expressed concerns about disclosure of new scientific breakthroughs, data access, and intellectual property. One participant from an academic research center commented that when dealing with faculty, scientific freedom is a significant issue and one of recurring challenge. Institutions dedicated to the development of products and processes derived from their research face new obstacles in the current post 9/11 environment where there is a heightened sensitivity to "confidentiality, what's secret, what's not secret, what you can share, and whether you can publish your data." According to a number of participants, these are very practical and serious issues for the scientific community.
A representative from TIGR commented that publicly funded genome research projects present a number of issues related to data access and publications. These genome projects typically come with requirements for timely release of genome data into the public domain, either by distribution on the institution's own website or in a public database such as Genbank. Once this data is released, researchers at-large can freely use it in their own studies or for their own publications. Questions raised by these arrangements include:
39 See U.S. Dept. of Energy, Microbial Genome Program, at www.sc.doe.gov/ober/microbial.html. 40 Id.
−18− •
Who owns the data?
• What incentives exist to continue large genome projects if the scientist(s) directly involved in the sequencing project will continue to be "scooped" on publications? • How should we balance the public release of such data with the interests of the scientists/collaborators in publishing whole genome or chromosome analysis of such projects? • What role do, or should, academic journals play in accepting publication from scientists who have not generated the data on which their manuscript relies? • Should we simply have web-based information for one and all to use? If so, how will that impact the protection of intellectual property, which in this context has been in the patent rather than copyright area?
Another participant asked the question, "Who is the watchdog for how data is being used post-completion of a sequencing project when it is not under publicly funded guidelines?" This participant went on to say, "[t]o the best of my knowledge there are no current guidelines for non-government funded organizations to monitor the use of sequence data. Data release policies are based on guidelines from the funding agencies, and all sequence data is available over the internet. We can only assume and hope that the data is going to be used in a beneficial way."
Public/Private Collaborations:
A second theme to emerge was a need for guidelines for public/private collaborations. Participants concerned with this issue raised the following questions: 1) What role should federal government agencies play in fostering public/private collaborations in the area of genetic research and product development?, and 2) To what extent should we allow the industrial organizations that collaborate with government and not for profits to restrict publication and dissemination of research results and intellectual property rights? One participant characterized this problem as one of "downstream exclusivity." He acknowledged that a number of federal agencies are now trying to determine whether they should assert control over databases generated from collaborative efforts that they fund to ensure that access will be made available to the public at large. This participant commented that it seems "counter-intuitive" for the government to "have a heavy-handed approach" to what would otherwise be a public library or public databank but that the government may believe it is necessary to adopt a "defensive intellectual property strategy to ensure public access downstream." As a result, "when we get on a commercial web-site and want access to a public database that was generated by or with support from the federal government, we may have to click on a license that is pages long to ensure that we do not seek intellectual property protection based on the fruits of information gleaned from the database." Linda Therkorn from the U.S. Patent and Trademark Office (USPTO) clarified that in order to procure a patent on an invention, one must satisfy the enablement and written description requirements. These are ways, she said, "of preventing people from claiming downstream inventions when they haven't quite gotten there yet." These requirements include submission of a written description of the invention that is sufficient enough that one who is skilled in the field can recognize that the researcher is actually in possession of what he/she is trying to protect. The "enablement requirement" is an attempt to ensure that one who is skilled in the technology could make the invention and use it based on the disclosure as well as knowledge of the art. If a skilled artisan would need undue experimentation in order to be able to practice the invention, the disclosure is insufficient.
These questions and issues struck a chord for those working with academic research centers. One participant shared that collaborations with external parties has been an issue at her institution for a number of years and continues to grow. Even simple things like material transfer agreements to foster collaborations between people who are not in the same institution become problematic points of negotiation -one side puts on conditions that the other finds unacceptable and ultimately the research "can't happen because the materials can't be transferred." Another participant shared that he thought this was a problem but that it was also a natural consequence of universities playing a much greater role as entrepreneurs and actors in the marketplace. Others pointed out the impact that recent judicial decisions in the area of intellectual property law may have on this issue by limiting the experimental use defense and allowing researchers to use patented technology and innovations without a license in only very narrow circumstances.
Another participant commented that these collaborative initiatives raise questions about when the work is sufficiently completed to become part of the public domain. One participant spoke of the need to distinguish between different types of data -raw sequence information from a genome sequencing project may not be protected by patent or copyright. It makes sense to put this data in the public domain as soon as possible.
Intellectual Property
A third, and related, theme was that of intellectual property (IP) rights. The debate about the appropriate balance between public access and commercial exclusivity depends in large part on the scope of IP rights, particularly patent rights. One participant asked whether or not the current IP laws provide sufficient predictability to researchers. Limited pertinent jurisprudence on the scope of patent rights to genomic inventions leaves a void that creates uncertainty. Although the USPTO has granted patent rights to inventions in genomics, few such patents have been litigated. Accordingly, little guidance exists about whether seemingly broad patents to early stage research will be upheld by the courts or struck down as overreaching.
Several participants voiced concerns about how IP laws might impact new developments in agricultural biotechnology and microbial genomics. Some participants questioned whether our current IP regime made sense for this new technology. Others pointed out the significance that IP rules have on economic development. One participant shared that in late 2003, the Prime Minister of Japan raised intellectual property to essentially cabinet-rank status and set up a strategic infrastructure for IP. In establishing this heightened visibility for IP the Prime Minister remarked that Japan lacks both natural resources and cheap labor and therefore has no choice but to innovate and establish an IP regime that encourages and rewards innovation. This participant suggested that the U.S. may want to be more strategic about its IP policy. Others pointed out that while it is the practice in Japan to "patent everything," the Japanese are less likely to sue for patent infringement. On the other hand, because the patent field is so tight in Japan, there is little freedom to operate.
One participant commented that we are starting to experience the obstacles of patent thickets in this country as well. If we do not consider options such as patent pooling, 41 we may find that companies in the U.S. are less able to conduct research and development. Another participant said that this was an issue worthy of further study but that it was more likely to be an issue on the human genomics side than on the animal, plant and microbial side. For example, he asserted, even if we had cost-effective techniques to sequence people's genomes and screen against different genetic mutations and alleles, we would "run into an instant infringement thicket because there are hundreds of patents that are 'one-off genetic test methods.'" Several participants asserted that we need to examine different methods to address this very likely problem, whether through government licensing, patent pooling, or other means. This scenario may be worse in the genomics sector, where "mom and pop" shops have patented genetic testing methods, than in the semi-conductor industry which lacks the "mom and pop" shop culture.
Specific questions raised by participants regarding intellectual property included the following:
• How should IP and publication rights be coordinated within public/private collaborations? Can patent pooling arrangements be established to facilitate such collaboration? Will such arrangements run afoul of U.S. antitrust laws?
• How are universities and research institutions going to be able to protect their subject matter? In light of recent court decisions, do we need a broader experimental use infringement exemption?
• Are patenting and licensing practices for "platform" technologies overly restricting or delaying the development of products of public health and agricultural significance?
• Does PIPRA establish a framework for other scientific sectors to follow, or is this type of IP management only applicable to the agricultural sector? How can the interests of small commercial end users of agricultural technology be protected? For example, in multi-institutional projects to develop new genetically engineered crops, should any one institution have the right to own intellectual property developed from the project, or should the IP be assigned to the consortium to ensure that it is ultimately made available to the public?
• Should the goals and effectiveness of the Bayh-Dole Act be reevaluated? The original intent of the Bayh-Dole Act was to spur the commercial development of academic inventions and increase the range of products in the marketplace. Is the Act 41 The USPTO, in a recent paper, defined patent pools as agreements "between two or more patent owners to license one or more of their patents to one another or third parties" or, alternatively, as "[t]he aggregation of intellectual property rights which are the subject of cross-licensing, whether they are transferred directly by patentee to licensee or through some medium, such as a joint venture, set up specifically to administer the patent pool. accomplishing these ends? Are there unintended consequences of the Act such as the spread of IP rights to more basic research activities? Do these consequences outweigh the benefits of the Act, or can it be restructured to correct them?
Bioterrorism
Several workshop participants acknowledged that the threat of bioterrorism, on the one hand, and the need to develop effective means of mitigating this threat, on the other, poses unique ethical challenges for modern science. The rapid pace of genome sequencing in the public and private sectors, coupled with growing understanding of the mechanisms of pathogenicity and the biology of disease-causing microorganisms, have created the potential for this information to be misused. As a consequence, scientific organizations at all levels are being forced to examine the issues raised by attempting to fairly and ethically balance the obligation of scientists to publish and disseminate new discoveries with the risks of doing harm by making that information available to individuals or entities who will use it to create new or more harmful weapons. One participant commented that dual use technologies may create particularly difficult decisions. For example, sequencing and gene synthesis technologies may be used for biological warfare or bioterrorism purposes as well as for the development of new therapeutics. As an example, he mentioned the technologies that permitted the recent (July 2003) synthesis of a polio virus.
This discussion raised questions about whether scientists or funding agencies should have the right to restrict public access to certain genome projects for national security reasons (e.g., Bacillus anthracis, smallpox, etc.). Several participants commented that there have already been disturbing examples where federal agencies have interfered with publications, even doctoral dissertations, arguing that certain information must be stripped from the articles prior to public dissemination. In one case, a doctoral student at George Mason University was told that his dissertation had to be purged of considerable information. As a result, it may be difficult for his committee to evaluate his work.
Participants discussed whether the scenario now was any different than it was during the time when scientists were working on the development of nuclear weapons. One participant commented that "[a] huge difference between physics and bioscience is that in the early days of the 20 th century, theoretical physics was done openly by an academic community and generated extraordinary excitement . . . . It was when a decision was made to try and build the Manhattan Project that the federal government built a fence around it. The fence wasn't around the physics but around the effort to build a device. In bioscience it's . . . too late to do that. Biology is out there, it's widespread. . . . Another difference is that in the arena of bioterrorism we are often talking about therapies for diseases and if the information does not get disseminated people will die."
Another participant affirmed this view stating that "fifty-plus years of NIH, NSF and other agency funding have established that openness in bioscience works. We get results. We get new developments in medicine. We get benefits to the economy. It's incredibly successful. And that leads to the issue of a cost-benefit calculation . . . What is the cost of excessive secrecy in terms of what you give up from the bioscience enterprise. . .?" Another speaker expressed concern regarding the lack of clarity about what is or is not "too risky" to publish and the lack of widely accepted guidelines on this issue, although some groups like the Monterey Institute have made a start at laying out a conceptual framework. As a result, he said, "a good deal of potential publications may get caught up in some kind of review cycle and we may become so conservative that we don't move forward with the scientific literature at a fast enough pace to cure diseases." 42 Federal policies which tie receipt of funding to restrictions on information dissemination are also problematic for many research institutions. For example, the Maryland Board of Regents has a policy that prohibits the University from accepting classified research and from accepting funding to do things that restrict an academic's ability to publish.
The two workshop participants who direct academic centers that focus on bioterrorism articulated concerns not only about genetically modified organisms and their potential use as weapons of bioterrorism but also about the broader implications of security policies that affect civil rights and create fear and suspicion. As one participant stated, "it is clear that post 9/11, we live in a new era, an era of fear-fear of foreigners who could be terrorists and fear of scientific information that could be misused by terrorists. The consequence is that we, in the scientific and academic communities, are now subject to new levels of public scrutiny that are manifest in the regulations governing visas for foreign students and visiting scientists and security clearance requirements for those with access to microorganisms and toxins (select agents) that are considered high risk biothreats which might be used by terrorists."
One participant asserted that this public scrutiny has at times been very heavy handed especially in the areas of immigration, detention and environmental information. In fact, it has been so heavy handed that there has been a backlash against the U.S. Patriot Act which expanded the U.S. government's surveillance and law enforcement powers to increase the government's ability to fight bioterrorism. At the time of the workshop, approximately 200 city councils (including Baltimore and Philadelphia) had voted either to have the Act declared unconstitutional within the confines of their jurisdiction or instructed police officers not to follow it. Three state legislatures (Hawaii, Alaska, and Vermont) had also passed laws preventing the enforcement of the Act.
Another participant argued that scientists have an important role in both educating the public about the need for regulations to prevent bioterrorism and educating policy makers about crafting such regulations so that they do not impede scientific research and progress: "We, in the scientific community" he asserted, 42 After the Roundtable was held, the National Academies of Science issued a report entitled, "Biotechnology Research in an Age of Terrorism: Confronting the Dual Use Dilemma." The report helps define areas of potentially high risk in the life sciences that should be given additional scrutiny. The NAS report also proposed a framework of filters that would help protect the life sciences against potential misuse. The report is available at www.nap.edu/books/0309090778.
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"need to explain to the public and policy makers that the best defense against the threat of bioterrorism is to advance the research agenda against infectious diseases so that we have the vaccines, therapeutics and diagnostics needed to combat emerging and reemerging infectious diseases as well as "plagues" that may be introduced by terrorists. We need to make clear that biomedical research is an international endeavor and the battle against infectious diseases must be global. We also have an obligation to engage in a dialog with the national security community so that we understand the threats and vulnerabilities of our new world and can engage in activities-some of which will involve constraint and adherence to the new regulatory mandates-that will reduce the threat of the misuse of the life sciences by terrorists."
This participant further argued that for public policy reasons we need to (1) define what is dangerous information and should be kept secret, (2) determine appropriate investments in biodefense, (3) balance security with the advancement of science, and (4) establish a dialogue between the scientific and national security communities.
Industry and Economic Development
Several workshop participants articulated concerns about economic development and the impact of biotechnology on the agricultural and food industries. The ability to genetically modify plants and crops has dramatically changed the modern food sector and the range of players in the "value chain." One participant commented that "it used to be that the farmer was the initial player in the food production system, now there are at least three players prior to the farmer. They include very small biotech companies, large life science companies, and universities. The world in terms of agriculture is much more complicated than it was even a decade ago. The technology is very sophisticated. In addition, there has been a rapid increase in private R&D in this area. Previously, most of the innovation in this sector was done through public funding, mostly federal dollars. Agriculture is now starting to look much more like a traditional high-tech industry. There have been a number of mergers and a good deal of consolidation and vertical integration in the industry so that today there are basically a half dozen major life science companies." Companies like DeKalb and Pioneer have been bought up by bigger players like Monsanto and Dupont. Many of the new players were formally large chemical companies that have taken over the life science enterprise.
This industry sector has experienced a consistent and rapid escalation in patent filings. These patents are for genetically modified seeds as well as for processes that, for example, remove fat or add vitamins to traditional crops. In the mid 1980s, after the USPTO began allowing patents on these types of innovations, filings increased significantly. Prior to that time, researchers did not think these types of developments were eligible for patent protection. After the U.S. Supreme Court decision in Diamond v. Chakrabarty, which reiterated the patentable subject matter standard as "anything under the sun made by man," little debate remains about the scope of patent eligible subject matter. 43 granting of patents to items such as genetically modified seeds, for example, is creating new marketing challenges for producers. Every bag of genetically modified seed is now accompanied by bag-tag and seed wrap licenses. As a result, the seeds are not sold but licensed. If the seeds were sold, the patent would be exhausted and the buyer could then do whatever he/she wanted with the product. One participant suggested that it might be helpful to think about this with an analogy to the sale of CDs where the CDs are sold but then replicate themselves at night. In the case of seeds, a purchaser can regenerate the genetically modified seed. The seller cannot capture the value of the seed into the future unless he sells a license. This practice has created policy issues in a number of states where there have been efforts to outlaw these kinds of licenses. These prohibitory efforts appear to be based on concerns that the new large life science companies are changing the way business has been done, and a fear that the licensing process will affect the accepted customs of traditional business dealings.
Another reaction to the use of genetically modified seeds is illustrated by recent pollen drift law suits. This litigation is arising from claims that genetically modified organisms have crossed into neighboring fields. Although the legal implications of such claims are unclear, these events may have undermined early scientific assurances that fears of the spread of genetically modified organisms were unwarranted.
Underlying these actions is a concern that the new technology is transforming economies. Although, in the end, the new technology may result in lower costs, it is displacing the need for some types of labor. An example given by one roundtable participant was the labor pool that was needed less than ten years ago in the Midwest to detassel corn each summer. Now there is malesterile corn that does not have tassels. The new innovation may cost less in the long run but it has the short term impact of putting an entire group of people out of work. States and countries need to think about transition strategies for laborers when one technology displaces another. One speaker commented that he thought the potential for transforming economies was much greater in the agricultural sector than in the medical industry.
Another speaker pointed out an analogy between the licensing of genetically modified seeds to capture downstream benefits and efforts of U.S. researchers to use natural resources from economically developing countries and the developing country's desire, in effect, to license such uses.
Participants also discussed whether there was a need for policies to expedite economic development. For example, should a state assist in establishing the infrastructure that would allow environmental and industrial applications to be better tested in the environment. Such an infrastructure might include fast-tracking permitting processes or facilitating industrial partnerships that would allow the use of brown fields. The infrastructure would permit some of the new technology to surmount obstacles related to "proof of principle" which is often very challenging and burdensome in terms of paperwork and other regulatory hurdles.
Public Health & Environmental Perspective
Several participants spoke about public health and environmental concerns related to agricultural and microbial genomics. One participant asserted that we need to develop timely and effective environmental risk assessment protocols that can both assure the public of environmental safety and allow responsible development of new biotechnology products intended for use in the open environment. This is especially needed for trees and microbial products.
A second participant echoed this concern, stating that we will need to consider the impact of new microbes on the ecosystem. In the U.S., most view the biotechnology industry as medical biotechnology, i.e., the development of novel "gene-based" biologics for therapeutic and diagnostic purposes. In Europe, at present, biotechnology is synonymous with GMO applications. The so-called "third wave" of biotechnology, industrial and environmental biotechnology, is growing in momentum and potential in terms of its impact in our daily lives. Largely confined, at present, to improving efficiencies in industrial synthesis processes and bioremediation applications, future applications involving non-confined (or open) systems of GMOs require serious consideration. The potential solutions that these applications can provide to society are as enormous as some of their potential to make unanticipated alterations to our ecosystem. Microbial and synthetic cells, as well as products derived from them, will find broader application in the production of new materials, non-conventional fuels, and environmental clean up. It will be crucial to understand how these organisms and/or their products will interact with our environment. These developments will require new modes of research such as closed micro-ecosystems (beyond containment), that allow for testing the influence of natural genetic pressures on these organisms as well as how they will ultimately adapt and perform in an open ecosystem.
Related to this point, another participant mentioned the need to guard against inadvertent development of new organisms that may become pathogens or antibiotic resistant. She commented that "transposable elements have been slow to move around in the population and transfer genes such as those associated with antibiotic resistance (e.g., the Enterococcus faecalis genome). Plasmids are known to contain genes for antibiotic resistance and are capable of spreading these genes through the populations quite rapidly. Microbes have their own ways of exchanging DNA, such as through transformation, allowing them to acquire free DNA from their environments. Competent species can take up random and non-random pieces of DNA."
Participants also pointed out that new public health regulatory issues will arise as a result of new therapeutics for animals and humans. While most are certainly aware of the issues surrounding the current and anticipated consumer directed GMOs in produce and dairy applications, whole new developments for the use of plant based technology platforms are underway. Some of these include the production of human and animal therapeutics. These plant based platforms are serving, and will serve, both as cost-effective production methods and as combined therapeutic and delivery vectors. The possibilities of new recombinant therapeutic proteins produced and delivered in this manner will stretch our current concepts of Good Manufacturing Practices (GMP) and other FDA regulated aspects of therapeutics for human use. The reality of edible biodefense vaccines or low cost therapeutic alternatives that address compliance issues in developing nations, as well as the transformation of farming communities into biomanufacturing enterprises for the pharmaceutical industry, are months to years --not light years --away.
International Issues
Participants' international concerns focused, in large part, on U.S. relationships with economically developing countries from which unique natural resources are taken or that collaborate with U.S. scientists on research projects. A number of participants mentioned that they, or the organization for which they worked, had dealt with other countries that want to lay claim to any benefits that come from biotechnology products that are derived from their natural resources. One participant said "You have countries that are being advised by groups that tell them . . . this is your resource, they sell it for this much and you should be entitled to all of that." Peter Heifetz, from Diversa, discussed his company's practices in this area:
"In order to facilitate access to unique environments while at the same time acknowledging the legitimate rights of stakeholders, Diversa has entered into agreements that provide for sharing of value created by its biosampling activities in accordance with the Convention on Biological Diversity (CBD). Diversa has formed sample collection partnerships with research institutes and researchers in locations such as Alaska, Australia, Bermuda, Costa Rica, Ghana, Hawaii, Iceland, Indonesia, Kenya, Mexico, the Meadowlands Superfund site, Russia, South Africa, and Yellowstone National Park. 44 These partnerships have been founded on principles consistent with the CBD: (1) the conservation of biological diversity; (2) the sustainable use of its components; and (3) the fair and equitable sharing of the benefits derived from utilization of genetic resources. Diversa believes very strongly in the notion that responsible bioprospecting can benefit all, and is strongly opposed to "biopiracy" --the unauthorized taking and exploitation of natural biological resources. How to manage the expectations and interests of all stakeholders in the bioprospecting process is a critical issue. If bioprospecting is to be successful, the parties involved must have realistic and congruent views regarding how value will be created, and how much of that value should fairly be shared."
One participant commented that in these cases the issue often boils down to upfront negotiation and whether the researchers will gain access to the resources. In most cases it can be dealt with as a simple royalty issue. Another participant stated that, "[I]t is contrary to the U.S. ethic when a country, that simply provided a sample [natural resource], claims the benefits of the knowledge that someone else applied to develop the sample into a valuable product. We need to understand that this is a U.S. perspective, i.e., to ask how anyone can hold us up for reachthrough royalties on an item that they simply supplied. The international community thinks 'this is our natural resource, the only thing we have that we can make money on because we don't have the biotechnological community to go out and develop the sample into a drug or other valuable product.'" There was considerable concern about the imbalance between the U.S., which has the tools -the educational communities and the scientific expertise -to develop raw materials into valuable therapeutics or other products; and the countries which may have the natural resources but none of the tools. Another participant argued that what is at stake here is determining contributions to value and deciding how value can be shared in a way that is fair to both sides. He also pointed out that there are few standards in use by which to assess fairness in this context. Another participant asserted that the situation we are facing now parallels the one we faced at the time of the Industrial Revolution: "This is old history, [he said] . . . with a new set of clothes, albeit a more complicated set of clothes, because we're talking about microbial genomes and agriculture, . . . truly things that can have long-term effects on the economic development of a country. The fact that it's not copper coming out of the mountain, but rather some odd microbe that might cure cancer, does not mean it is not similar. We can now see where we had our failings as a first world country in dealing with the developing countries historically because our capabilities superceded theirs. We assumed that our policies would have spill-over benefits to those countries through the creation of employment. These were downstream benefits. I see this as a parallel situation [to what we are now facing with the biotech industry]. It's just new to biotechnology because the industry is coming out of its own infancy. It's been business-driven . . . with heavy pressures to produce because of all the funding that it's received. We have a little history revisited here where we have a chance to create policy anew. We should learn from our failed global policies in other revolutions, both economic and industrial, and think more carefully about our relationships with these other countries."
One participant asked, "How do we ensure that scientists carry out research that is relevant to developing countries and that this new technology is used to assist lesser developed countries? What policies can be enacted to encourage these outcomes?" Others agreed that these were important questions especially with respect to genetically modified seeds and crops that might be used to alleviate problems of starvation and hunger in some economically developing countries. Another participant commented that "the reality is that there are tens of thousands of people today who are dying of lack of food. This is a disgrace in the 21 st Century. Genetically modified seeds and crops are now being developed that are drought resistant and insect resistant and can be used in these other countries to alleviate food shortage problems. To the extent there are obstacles to lesser developed countries using these technologies (because of cost, or having only small plots of land) perhaps our country should develop policies to overcome these barriers." Another added: "We need to provide incentives for industry to be a partner in collaborating and sponsoring research for smaller crops and developing countries."
Other participants pointed out that cost is often an obstacle with patented products but that there are institutions, such as the Consultative Group on International Agricultural Research (CGIAR), that are working to take patented technologies in this area and turn them into public goods.
Another participant commented that this area is "ripe with overgeneralization because one has to assess each of these potential crops individually. The cost-benefit analysis for each is very different. Examples are golden rice and Roundup Ready® soybeans. Golden rice is solving so many instances of Vitamin A deficiency that it is considered very cost effective. Roundup Ready® soybeans are a great innovation but not necessarily the solution to world hunger."
Public Education
Several participants expressed the need for public communication regarding genomics and biotechnology. Participants felt that without such communication and education the public will not trust new developments and will not understand the benefits that research in this area can provide. Issues such as utilization of natural resources from developing countries have attracted the attention of global activist groups. One participant stated that "developing means for scientists in academia, government and the private sector to interact with the public in constructive ways to further understanding of biotechnology will be critical in avoiding the kinds of polarized debates that now surround agricultural biotechnology. Separating sensationalistic concerns and issues from legitimate ones is a matter of critical importance in ensuring reasoned discussions." He then asked, "Is this being done well or poorly by those responsible for communicating with the public? What checks and balances exist or should exist to preserve the objectivity and credibility of the watchdog role?"
Another participant shared this concern stating that as we move into the 21 st century with advances in technology development in all fields, the intellectual demands on policy makers and the public at large will increase dramatically. One can argue that public perception, or misperception, can have as dramatic an impact on society as the improper implementation of a biotechnology application. In Europe, public activist groups have reacted negatively and vocally to GMOs -with the resulting negative impact on trade between the US and the EU. He asked how the EU might have responded to the introduction of GMOs if educational institutions had taken an early lead. This participant went on to say that " [O] ne cannot equate education with promoting one opinion or another. Appropriate public education, a mix of science and ethical issues, would allow consumers to reach an informed opinion. From this collective knowledge, balanced public policies will be possible. At present, we rely too heavily on a system of 'advisory panels of experts' in policy decision-making. While they provide an essential role, the breadth of biotechnology developments and their potential implementation across a spectrum of industries will make sole reliance on this system logistically difficult in years to come."
A third participant stated that education of the public should be one of our highest priorities. She related her experience over the last seven years in outreach and education programs for minority populations as relates to the Human Genome Project:
"The level of misunderstanding and lack of communication of scientific information to the public is amazing for a milestone as significant as the completion of the sequencing of the human genome. Although most funded projects that are associated with microbial and agricultural genomics have some requirement for an education and outreach component, this invariably results in training and further education of junior scientists who already have an understanding of the science involved in genome sequencing and the applications that are possible from this process. More attention should be given to the education of lay people either through radio, television or newspapers. Such education may reduce some of the public's miscon-ceptions about these various scientific issues."
Another participant added that the public needs to be better informed about the overall benefits of biotechnology and the pace of their implementation, both of which may be more limited than is typically perceived. He asserted that the expectations of the public in the U.S., Europe, and developing countries, about these issues, may be unrealistic.
Several participants also mentioned the need to educate regulators who are attempting to balance concerns about homeland security with scientific freedom. If they are not educated about the costs and benefits of their actions, they may implement policies that have significant negative impacts on the research enterprise. One participant expressed the view that this was a short-term problem, the longer term issue, he argued, is the education of the public and how we function as a democratic society. "Do we let an uninformed public make decisions about what kind of technology can go forward?," he asked. He referred to a study conducted by the Office of Technology Assessment in the late 1980s about public perceptions of biotechnology. The survey asked "Do you favor or not favor genetic modification of organisms?" Eighty (80) percent of people said "absolutely not." The survey then asked, "What if you do it [genetic modification] through conventional breeding and cross-breeding?" Approximately the same percentage opposed that. Then the survey asked, how about genetic modification if it will save the life of your child? Here, the response was 97% in favor.
Another participant advised caution when talking about "educating the public" because it can be interpreted as "getting them to agree" with what the government or scientists want to do. In some cases, she said, "it's not an issue of education, it's actually a difference in people's value systems." Several participants shared their experiences with public education projects or programs to improve the dialogue on these issues between scientists and non-scientists. One participant mentioned a multimillion dollar effort by the American Society of Microbiologists to put on a multipart television series with the idea that you could educate the public on these issues enough to enter the debate in the course of a week. He believes that at least, in part, this effort was not successful because education on this topic cannot be a one time event --continuous education is critical. This participant also mentioned his experience on the Recombinant DNA Advisory Committee (RAC) which included scientists, public members, theologians, and attorneys. He found that the format worked very well, but that ultimately the public believed that the nonscientists were co-opted by the scientists.
A number of participants expressed the need to educate students earlier and better about these types of scientific issues. A participant from TIGR volunteered that much of the Institute's federal funding includes a requirement that they engage in public education. As a result, scientists at TIGR reach out to students in elementary, junior and senior high schools and talk to them about genomics, what is going on in the field of research, and new developments in the area. He expressed the view that the funding agencies are taking the need for public education very seriously; that they see it as part of their mission.
Participants also discussed the need to educate students about more than basic science. They agreed that, in addition, students should be learning about the ethical and legal issues associated with new technologies.
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Finally, one participant commented that a negative byproduct of an uninformed public on these scientific issues is that lawmakers do not pay close attention to them. He added that "there is a great deal of good research . . . showing that policy development on these complex topics is dominated by the stakeholders who get together and work it out. The legislators don't give it the same kind of attention as crime legislation or as an issue on which there is much more focused public attention."
Forum issues
A final crosscutting theme addressed by participants was the appropriate forum for dealing with the variety of issues brought to the fore by this new technology. One participant stated, "There is currently no body that, from a global perspective, is going to be able to wrestle with these types of questions. And it does not appear that any one entity at this point in time is equipped to be able to ultimately resolve these things to anyone's satisfaction." Even on the private sector side, another participant commented, the large seed producing companies have not spoken with one voice on these issues and are paying the price for it. "Now," he said, "the GMO debate is wrapped up in the world trade debate and it has become a big company versus the third world issue" rather than one about the risks of the technology and the problems it can address. The debate has become extremely polarized. "Hopefully," he went on to say, "the microbial genomics industry will be able to learn some lessons from agricultural genomics and move forward in a more productive way."
IV. Future Public Policy and Ethical Issues Identified by Roundtable Participants
The crosscutting issues identified above were reviewed by the participants and used to develop the following list of public policy and ethical issues most likely to confront the industry over the next half decade. Along with each issue, participants raised a series of questions for consideration. The issues are not listed in order of importance. 
V. Priority Issues -The Consensus of the Group
Based on the comprehensive list developed above and the prior discussion, the roundtable participants were asked to identify the top three to five policy/ethical issues they thought were priorities that policy makers, academics and industry should address over the next few years. The group, despite their divergent backgrounds, agreed relatively quickly on the following list:
I. Public Access to Publicly Funded Research Results -Should we establish policies that ensure public access to research outcomes in this area that resulted from publicly funded projects and thereby limit ownership rights by commercial enterprises in such outcomes?
−34− II. Harmonization of Laws and Regulations -Is there a need for common regulations regarding labeling and risk reduction across international borders so that new genetically modified products can be imported and exported with assurance that the products are meeting global standards for safety? How might the disparity in enforcement of intellectual property rights in various countries be reconciled to address the respective national concerns about the appropriate balance between public access to research outcomes and commercial exclusivity?
IV. Bioterrorism -What are the costs to innovation and development in the agricultural and microbial genomics sectors of the biotechnology industry as a result of our current focus on national security and bioterrorism? How do we address bioterrorism without slowing innovation and development in the biotechnology industry?
V. Public Education -How can we educate the public, policy makers and regulators about biotechnology, its relevant impacts and the competing interests at stake?
Participants raised the issue of legal harmonization both in the context of intellectual property and public health and safety regulations and in the context of natural resource/expertise disparities. The group agreed that the technology has become so global that the U.S. cannot act alone in national regulatory oversight without considering how it affects the rest of the world.
One participant commented that both homeland security and public access to publiclyfunded information are on the agenda for this session of Congress: "Whether they are short-lived or whether they have a longer life, there is no question that they are currently front and center." As a scientist, he said, "I'm less aware of the intellectual property issues. At least I'm not hearing about them in the hallways that I frequent. From what I've heard today, however, it is clearly an item that needs to be put on someone's agenda."
The participants all felt that issues arising from disparities in natural resources and technological expertise between the U.S. and economically developing countries were ones that deserved significant attention as a policy matter over the next few years. For the most part, this issue has been addressed by private actors in the U.S. We now must think about whether we need a national policy or guidelines on this topic.
Finally, the group agreed that public education is vital in this area and that policy makers should develop strategies to encourage public education on these issues.
VI. Conclusion
This paper represents an initial step at identifying the handful of public policy and ethical issues that are likely to confront the agricultural and microbial genomics sectors of the biotechnology industry over the next half decade. The topics identified were a result of a discussion among experts from a wide range of disciplines including science, law, ethics, business, and public policy. The multidisciplinary composition of the group contributed to the broad range of issues discussed and may have resulted in a more representative list of issues than what would have been identified by individuals from a single discipline. These topics are likely to come to the attention of policy makers over the next several years and are deserving of additional background research, debate and development. Policy makers, industry and academic leaders in the field may find them a useful focus for further discussion, thought, investigation and/or scholarship. Some, but not all, may require legislative action at the state or federal level. Others may benefit from industry guidelines or collaborative agreements. Finally, others, such as public education, may require funding and incentives for implementation. eukaryotes (plants, animals, fungi and protists such as the malaria parasite). Since its founding, TIGR has sequenced over 50 organisms --more than any other single research center. Brown oversees the Institute's intellectual property and technology transfer activities and serves as its legal counsel. In this capacity he routinely interfaces with federal government agencies, including NIH, USDA, DOE, NSF, and DOJ, academic and not-for-profit institutions, and industry, in the negotiation of agreements, establishment of collaborations, data access, publication issues, in and out licensing, and intellectual property matters. Mr. Brown received his J.D. from the University of Maryland School of Law.
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